Summary:
The 2-deoxyglucose method was employed in rats following either acute or chronic administration of d-amphetamine. The drug was given either by a single intravenous and/or repeated daily intraperitoneal injec tions or by osmotic pumps implanted subcutaneously.
Each mode of administration resulted in a specific con stellation of metabolic effects. Acute doses of d amphetamine, 5 mg/kg, stimulated glucose utilization in a number of cerebral structures, particularly the compo nents of the extrapyramidal motor system. No effects were observed in components of the mesolimbic dopa minergic system. Repeated daily doses of 5 mg/kg for 2 weeks had no effects unless the dosage was progressively d-Amphetamine produces marked behavioral changes in animals, and chronic use in man some times leads to a psychotic state with features re sembling those of schizophrenia (Snyder, 1972; An grist et aI., 1974; Ellinwood and Kilbey, 1977; Janowsky and Risch, 1979) . The effects of the drug are thought to be related to its action at synaptic sites (where it alters the normal release and reup take of catecholamines), particularly dopaminergic synapses, where it enhances synaptic transmission (Snyder et aI., 1972; Fuller and Hemrick-Luecke, 1980 ; Ricaurte et aI., 1980; Segal et aI., 1980; Wagner et aI., 1980) . 
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increased to toxic levels of 15 mg/kg over a 3-week pe riod. Dosage sustained by osmotic pumps (12-15 mg/kg/ day for I week or 6-7 mg/kg/day for 2 weeks), however, resulted in a selected increase in glucose utilization in the nucleus accumbens, an important component of the mesolimbic system. This finding may be of significance to the mechanism of amphetamine psychosis, which is sometimes regarded as a model of schizophrenia and is considered to be evidence in support of the dopamine hypothesis of the disease. Key Words: Amphetamine Amphetamine ps ychosis-Deoxyglucose-Dopamine Mesolimbic system-Nucleus accumbens-Schizo phrenia.
tion were detected by the [14C]deoxyglucose method in a number of cerebral structures known to contain dopamine-producing or dopaI:1ine-receptive cells (Wechsler et aI., 1979) . The greatest increases were found in the subthalamic nucleus and the zona reticulata of the substantia nigra, but significant in creases were also seen in virtually the entire extra pyramidal motor system. Surprisingly, no effects were seen in the components of the mesolimbic system, e.g., nucleus accumbens, septal nuclei, and lateral olfactory tubercle (Wechsler et aI., 1979) , despite their known contents of dopamine and dopamine receptors.
The dopamine hypothesis of schizophrenia (Snyder, 1972; Matthysse, 1974; Meltzer and Stahl, 1976) implicates the mesolimbic system in the pathogenesis of the disease, and amphetamine psychosis is sometimes considered to show similar features and, in fact, to be a model of schizophrenia (Connell, 1958; Bell, 1965) . The psychotic reaction to amphetamine in man emerges, however, only after several days of intake (Snyder, 1972) , and chronic administration in animals results in a be-havioral complex quite different from that following an acute dose (Ellinwood and Kilbey, 1977) .
Local rates of glucose utilization in the nervous system have been shown to correlate with local functional activity (Sokoloff, 198 1) . The preseQt studies were therefore undertaken to compare the effects on local cerebral glucose utilization of sev eral different regimens of d-amphetamine adminis tration, and particularly to examine the effects of its chronic or sustained administration in rats. The re sults demonstrate that contrary to the lack of effect of a single acute dose or repeated intermittent doses of d-amphetamine, sustained administration of the drug stimulates glucose utilization in the nucleus accumbens.
MA TERIALS AND METHODS

Animals and materials
The experiments were carried out on normal adult Two additional groups received an acute dose of 5 mg/kg body weight intravenously 15 min before the initia tion of the procedure for measuring local cerebral glucose utilization. For one of these groups (four rats) this was the first and only dose. In the other group (four rats) the acute dose was given to animals that had received daily in traperitoneal doses of 5 mg/kg body weight during the preceding 2 weeks. The behavior of the animals was ob served for 5 min every hour for 5 h following the adminis tration of amphetamine. In the case of the rats with im planted osmotic pumps, the behavioral observations were similarly made. The presence or absence of stereo typic behavior, postural abnormalities, abnormal feeding pat terns, and the levels of activity were noted.
Experimental procedure for measuring local cerebral glucose utilization
In all the animals, the rates of local cerebral glucose utilization were measured in 49 different structures by the ['4C]deoxyglucose method (Sokoloff et aI., 1977) . Poly ethylene catheters were inserted into a femoral artery and vein under light halothane anesthesia, following which loose-fitting plaster casts were applied to provide re straint to the lower torso and legs. A 2-h recovery period was allowed before the experimental period was initiated with an intravenous pulse of 125 /-LCi/kg body weight of 
Ph y siological variables
Several physiological variables were measured during the experiment. Oxygen and carbon dioxide tension and pH were determined in a sample of arterial blood drawn midway through the experimental procedure. Hemato crit, mean arterial blood pressure, and rectal temperature were also recorded. These variables were determined in order to assess the physiological state of the animals dur ing the experimental procedure.
Statistical anal y sis
Local cerebral glucose utilization was measured in 49 structures. The values obtained for each structure in the six drug-treated groups were simultaneously tested for statistically significant differences from the normal con trol values by use of Dunnett's procedure for mUltiple comparisons (Dunnett, 1955) .
RESULTS
Ph y siological variables
There were no significant effects of d-amphet amine, no matter how administered, on mean arterial glucose concentration, blood pressure, blood gases, blood pH, or body temperature that persisted at the time that local cerebral glucose utilization was measured ( Table 1) . Values are means ± SEM of the principal physiological variables measured; number of rats indicated in parentheses.
Behavior
The All rats continuously treated with d-amphetamine by the osmotic pumps were mildly but continuously hyperactive, and no stereotypic behavior was ob served. The hyperactivity remained essentially un changed and persisted during the procedure for measuring local cerebral glucose utilization.
Local cerebral glucose utilization
The administration of a single intravenous dose of d-amphetamine, 5 mg/kg, altered glucose utilization in a number of structures ( Table 2 ). Glucose utiliza tion was increased in all components of the extrapy ramidal motor system (e.g., zona compacta and zona reticulata of the substantia nigra, caudate nu cleus, globus pallidus, subthalamic nucleus, and red nucleus). The most marked effects were in the sub thalamic nucleus and zona reticulata of the sub stantia nigra. Glucose utilization was also stimu lated in a number of other structures, such as area In the group treated with daily doses of 5 mg/kg of d-amphetamine for 2 weeks and studied 5-7 h after the last dose, there were no statistically significant differences from the values observed for local cere bral glucose utilization in the control group ( Table   2 ). In the group that was treated for 3 weeks with daily doses of 5, 10, and 15 mg/kg for each succes sive week and studied 5-7 h after the last dose, there were also no significant differences from con trol levels for local cerebral glucose utilization, ex cept for a 48% increase in the zona reticulata and a 37% reduction in the lateral habenula (data not shown). On the other hand, in the animals receiving 5 mg/kg daily for 2 weeks and an additional 5 mg/kg intravenously 15 min before the measurement, there were responses similar to those following a single acute dose of d-amphetamine. In fact, the responses may have been greater and were certainly more ex tensive. In some of the structures normally affected by a single acute dose, the changes in glucose utili zation appeared to be somewhat more pronounced, and more structures were affected (e.g., ventral tegmentum, including area AlO; visual, sen sorimotor, and olfactory cortex; lateral geniculate nuclei; dentate nucleus; vestibular nucleus; and su perior colliculus) ( Table 2 ). Corpus callosum 30 ± 3 33 ± 2 34 ± 2 34 ± 2 Internal capsule 32 ± 3 32 ± I 32 ± 2 37 ± 2 Cerebellar white matter 34 ± 3 42 ± 3 34 ± 1 49 ± 2C
Values are means ± SEM of the local cerebral glucose utilization values (/LmolJ IOO g/min). Number of rats indicated in parentheses.
a See Materials and Methods for dosage schedules.
"p < 0.05. } "p < 0.01. Statistically significant difference from control. Values are means ± SEM of the local cerebral glucose utilization values (fLmolllOO g/min). Number of rats indicated in parentheses. There were no statistically significant effects in any other structures of the brain (those listed in Table 2 ).
" Statistically significant difference from control, p < 0.05.
fected in the groups that were given an acute dose or daily single doses of d-amphetamine. No effects were observed in any other components of the mesolimbic system that were examined (Table 3 ).
There were also no effects in any other structures in the b rain, except for a 48% increase in glucose utili zation in the zona reticulata and a 31 % reduction in the lateral habenula in the group given the higher
dosage rate over a I-week period; these structures were not affected in the group given a lower dosage for 2 weeks (Table 3) . tolerance (Post and Rose, 1976; Weiner et al., 1979; Post, 1980) . The present findings may add some biochemical evidence of such sensitization.
In contrast to the apparent lack of effects of re petitive daily doses, the continuous administration of d-amphetamine by osmotic pumps at a dosage rate of 12-15 mg/kg/day for 1 week stimulated glu cose utilization in the zona reticulata of the sub stantia nigra and inhibited the metabolic rate in the lateral habenula; both these effects were absent with the lower continuous infusion rate of 6-7 mg/ kg/day for 2 weeks. Both rates of continuous infu sion, however, stimulated glucose utilization in the nucleus accumbens but in none of the other compo nents of the mesolimbic dopaminergic system that were examined (see Table 3 agonists. The stereotypic behavior is believed to be associated with functional alterations in the nigro striatal system (Randrup and Munkvad, 1967; Creese and Iversen, 1975) , which also showed no changes in glucose utilization with continuous amphetamine.
More complex behavioral responses have been ob served in monkeys and cats but are apparently less obvious in rats (Ellinwood and Kilbey, 1977) . The present discrepancies in the effects on glucose utili zation and behavior with acute, repetitive, and con tinuous administration of d-amphetamine are con sistent with observations that behavioral (Nelson and Ellison, 1978) , structural, and biochemical ef fects cumbens has been a puzzling phenomenon, because this structure is known to be rich in its contents of dopamine and dopaminergic synapses (Ungerstedt, 1971 ) and also because of its suspected role in am phetamine psychosis (Snyder, 1972; Matthysse, 1974; Meltzer and Stahl, 1976) . the difference in the rates of uptake of the drug in the nucleus accumbens (Eison et al., 1981) .
